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図 1 陽子数中性子数共に偶数となる原子核の第一 2+ 励起エネルギーは閉殻構造を示す強い証拠となることが知られている．励起するためのエネル



























































に中性子数 50）の励起準位測定16, 17, 18) や殻模型による理













































































































































































































































































































































1) R. Taniuchi et al., Nature 569, 53-58 (2019); Ryo Taniuchi,
Ph.D. Thesis, the University of Tokyo.
2) M. Thoennessen, Int. J. Mod. Phys. E 28, 1930002 (2019);
M. Thoennessen, Discovery of Nuclides Project,
https://people.nscl.msu.edu/t̃hoennes/isotopes/
3) W. M. Elsasser, J. Phys. Radium (Sér. 7) 5, 635-39 (1934);
N. Bohr, Nature 137, 344 (1936); H. A. Bethe, Phys. Rev.
50, 332 (1936); W. M. Elsasser, Phys. Rev. 51, 55 (1937);
E. Wigner, Phys. Rev. 51, 947 (1937); Maria G. Mayer, Phys.
Rev. 74, 235 (1948).
4) M.G. Mayer, Phys. Rev. 75, 19691970 (1949); O. Haxel,
J. Jensen, and H. Suess, Phys. Rev. 75, 17661766 (1949).
5) O. Sorlin and M.-G. Porquet, Prog. in Part. and Nucl. Phys.
61, 602673 (2008).
6) J. Fridmann et al., Nature 435, 922 (2005).
7) S. Takeuchi et al., Phys. Rev. Lett. 109, 182501 (2012).
8) F. Wienholtz et al., Nature 498, 346-349 (2013).
9) D. Steppenbeck et al., Nature 502, 207-210 (2013); 武内 聡,
ステッペンベック デービッド, 宇都野 穣, 日本物理学会誌 70,
535-539 (2015).
10) R. F. Garcia Ruiz et al., Nature Phys. 12, 594-598 (2016).
11) S. Michimasa et al., Phys. Rev. Lett. 121, 022506 (2018); 道正
　新一郎，小林　幹，日本物理学会誌 74, 850-855 (2019); Mo-
toki Kobayashi, Ph.D. Thesis, the University of Tokyo.
12) Ch. Engelmann et al., Z. Phys. A 352, 351-352 (1995).
13) P. T. Hosmer et al., Phys. Rev. Lett. 94, 112501 (2005).
14) H. Okuno, N. Fukunishi, and O. Kamigaito, Prog. Theor. Exp.
Phys. 2012, 03C002.
15) Z.Y. Xu et al., Phys. Rev. Lett. 113, 032505 (2014);
Zhengyu Xu, Ph.D. Thesis, the University of Tokyo.
16) J. Van de Walle et al., Phys. Rev. Lett. 99, 142501 (2007).
17) Y. Shiga et al., Phys. Rev. C 93, 024320 (2016).
18) L. Olivier et al., Phys. Rev. Lett. 119, 192501 (2017).
19) Y. Tsunoda et al., Phys. Rev. C 89, 031301(R) (2014).
20) S. M. Lenzi, F. Nowacki, A. Poves, and K. Sieja, Phys. Rev. C
82, 054301 (2010).
21) C. Santamaria et al., Phys. Rev. Lett. 115, 192501 (2015).
22) F. Nowacki et al., Phys. Rev. Lett. 117, 272501 (2016).
23) X.F. Yang et al., Phys. Rev. Lett. 116, 182502 (2016).
24) T. Kubo et al., Prog. Theor. Exp. Phys. 2012, 03C003.
25) N. Fukuda et al., Nucl. Instr. Meth. B 317, 323332 (2013).
26) P. Doornenbal, Prog. Theor. Exp. Phys. 2012, 03C004.
27) S. Takeuchi et al., Nucl. Instr. Meth. A 763, 596603 (2014).
28) A. Obertelli et al., Eur. Phys. J. A 50, 8 (2014).
29) C. Santamaria et al., Nucl. Instr. Meth. A 905, 138148 (2018).
30) S. Agostinelli et al., Nucl. Instr. Meth. A 506, 250303 (2003).
31) G. Hagen, G. R. Jansen, and T. Papenbrock, Phys. Rev. Lett.
117, 172501 (2016).
32) J. Simonis et al., Phys. Rev. C 96, 014303 (2017).







Doubly closed shell of Nickel-78
Ryo Taniuchi, Pieter Doornenbal, Hiroyoshi Sakurai
abstract: The doubly magic features of the very unstable nu-
cleus located far from the stability line, 78Ni, were investigated
experimentally. To accomplish the measurement of this short-
lived isotope, a new target and detector system was developed
to measure the de-excitation gamma rays with a better Doppler
reconstruction following proton-knockout reactions. While the
high energy of the first excited state of 78Ni corroborates its
closed-shell nature, a second state was found at a similar ex-
citation energy. This observation suggests a possible shape-
coexisting nature in this nucleus and questions the nuclear shell
robustness for isotopes further away from stability, where the
nucleosynthesis is proposed to occur.
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